ABSTRACT Historically, Seyfert nuclei have been considered to be radio-quiet active galactic nuclei (AGNs). We question this widely held assumption by showing that the distribution of the radio-to-optical luminosity ratio, R ≡ L ν (6 cm)/L ν (B), when properly measured for the nuclear component, places the majority of type 1 Seyfert nuclei in the category of radio-loud AGNs, defined here as objects with R ≥ 10. This result is further strengthened by strong correlations found between radio power and optical continuum and emission-line luminosities, as has been established previously for more powerful AGNs. We also present a new calibration of the relation between optical continuum and Balmer emission-line luminosities valid in the regime of low-luminosity AGNs.
INTRODUCTION
Active galactic nuclei (AGNs) nearly universally emit synchrotron radiation at radio wavelengths. The character of the radio emission shows tremendous diversity, ranging from relatively simple structures such as parsec-scale central cores, to well collimated jets and lobes extending over hundreds of kpc. Historically, one of the most notable attributes of AGNs is the apparent bimodal distribution of their strength of radio emission (Strittmatter et al. 1980; Sramek & Weedman 1980) . Optically selected AGNs seem to fall into one of two categories -"radio loud" or "radio quiet" -the dividing line generally set by the relative monochromatic luminosities at radio and optical wavelengths. A widely adopted convention (or some closely related variant) is R ≡ L ν (6 cm)/L ν (B), with the boundary between the two radio classes set at R = 10 (Visnovsky et al. 1992; Stocke et al. 1992; Kellermann et al. 1994) . Miller, Peacock, & Mead (1990) advocate an alternative criterion based on the radio luminosity alone, a limit set to P 6cm ≈ 10 25 W Hz −1 sr −1 . The majority of optically selected quasars are radio quiet, with only ∼10%-20% qualifying as radio loud, based on either of the above criteria (e.g., Kellermann et al. 1989; Visnovsky et al. 1992; Hooper et al. 1995) . Some recent studies using radio selected samples of quasars have questioned the bimodality in the distribution of R (Wadadekar & Kembhavi 1999; White et al. 2000) .
The actual shape of the R distribution notwithstanding, the fraction of radio-loud AGNs tends to increase for the optically most luminous objects (e.g., Miller et al. 1990) . At low redshift, where high-resolution optical and near-infrared images are now readily available, radio-loud quasars preferentially inhabit luminous, massive, early-type galaxies, whereas the hosts of radio-quiet quasars span a wider range of morphological types (e.g., McLure et al. 1999 ; Hamilton, Casertano, & Turnshek 2001). Radio galaxies themselves have long been known to be predominantly giant ellipticals (e.g., Matthews, Morgan, & Schmidt 1964; Zirbel 1996; de Vries et al. 2000) . Within this backdrop, Seyfert galaxies, which are generally considered to be the low-luminosity extension of the quasar phenomenon, traditionally have been regarded as radioquiet objects. This perception perhaps has been reinforced further by the apparent correlation between radio loudness and host galaxy morphology, since most Seyfert nuclei reside in disk (spiral and lenticular) systems (e.g., Adams 1977; Yee 1983; MacKenty 1990; Ho, Filippenko, & Sargent 1997b) . By virtue of their proximity, a high percentage of Seyfert galaxies are detectable as radio sources (e.g., de Bruyn & Wilson 1978; Ulvestad & Wilson 1984a , 1984b Edelson 1987; Rush, Malkan, & Edelson 1996; Ho & Ulvestad 2001) . Nonetheless, their modest radio luminosities (P 6cm ≈ 10 19 − 10 22 W Hz −1 ) and their accompanying small radio-to-optical luminosity ratios have cemented the notion that Seyferts are radio-quiet objects. In phenomenological classifications of AGNs, type 1 and type 2 Seyferts often are viewed as the radio-quiet analogs of broad-line and narrow-line radio galaxies, respectively (e.g., Osterbrock 1984; Lawrence 1987; Blandford 1990; Peterson 1997; Krolik 1998) . Laor (2000) explicitly argues that the bulges of spiral galaxies cannot produce radioloud AGNs.
Extending the R parameterization to Seyferts, however, is not straightforward. In the case of quasars, the active nucleus significantly outshines the underlying galaxy at optical, and often also at radio, wavelengths. Consequently, R, computed from the integrated emission, faithfully represents a quantity germane to the AGN. The situation for Seyferts is more complicated. Once an object is recognized as a Seyfert galaxy, the underlying host obviously contributes appreciably to the integrated optical light of the system. Most Seyfert nuclei are found in bulgedominated, relatively luminous (∼ L * ) galaxies; typically, 1 M BT ≈ −21 ± 1 mag (e.g., Ho et al. 1997b) 1 . The optical luminosities of the nuclei, on the other hand, span an enormous range. Given the tremendous range of brightness contrast between the nucleus and the bulge, in general the optical luminosity of Seyfert nuclei can be characterized properly only with measurements which sufficiently resolve the nuclear region. A similar caveat applies to the radio data. The disks of spiral galaxies emit synchrotron radio emission at a level which easily rivals the nuclear emission. Normal early-type spirals, for instance, have typical 20 cm powers of 10 20 -10 22 W Hz −1 (Hummel 1981; Condon 1987) , within the range emitted by the nucleus. In general, therefore, the AGN component of the radio signal in Seyferts can be isolated reliably only using highresolution, interferometric data.
The primary goal of this paper is to reexamine the conventional claim that Seyfert nuclei, and by implication their spiral host galaxies, are mainly radio quiet. We use high-resolution optical and radio continuum measurements to show that the nuclear values of R in the majority of Seyferts place them in the category of radio-loud objects. Our data also furnish insights into the physical relationship between radio power and optical continuum and emissionline luminosities. We suggest that the fueling of radio jets may be closely linked with the disk accretion rate. Lastly, we present a new calibration of the relation between optical continuum and Balmer emission-line luminosities for type 1 AGNs.
THE SAMPLE
For the purposes of this study, we choose only objects classified as Seyfert 1 nuclei, which are believed to be relatively unobscured sources and hence provide the most direct comparison with quasars. We consider a sample drawn from two optical spectroscopic surveys of nearby galaxies. Ho, Filippenko, & Sargent (1995) surveyed a nearly complete sample of 486 bright (B T ≤ 12.5 mag), northern (δ > 0
• ) galaxies using the Palomar 5-m telescope, from which they derived a sensitive catalog of emission-line nuclei, including a comprehensive list of nearby AGNs (Ho et al. 1997a (Ho et al. , 1997b (Ho et al. , 1997c . The Palomar survey contains 49 Seyfert galaxies 2 , 21 of type 1 and 28 of type 2, most of which have low luminosities (median L Hβ = 5×10 39 erg s −1 ) and are nearby (median D = 20 Mpc). As discussed by Ho et al. (1997b) and Ho & Ulvestad (2001) , the Palomar Seyfert sample is the most complete and least biased available. One drawback of this sample, however, is that it contains relatively few objects on the upper end of the luminosity function.
We therefore supplement the Palomar sample with Seyferts derived from the CfA redshift survey (Huchra et al. 1983) . Spectra were acquired for 2399 galaxies with Zwicky magnitudes ≤ 14.5 that lie within δ ≥ 0
• and b II ≥ 40
• or δ ≥ -2.
• 5 and b II ≤ -30
• . Huchra & Burg (1992) compiled a list of 49 Seyfert galaxies, the spectroscopic classifications of which were subsequently refined by Osterbrock & Martel (1993) . According to the classifications of Osterbrock & Martel, the CfA sample contains 33 Seyfert 1s and 15 Seyfert 2s; one object (Mrk 789) was judged to be a starburst galaxy. The median distance of the CfA Seyferts is ∼80 Mpc. Ho & Ulvestad (2001; see § A.2) argue that the CfA Seyfert sample suffers from complex selection effects. In the case of Seyfert 1s, the primary effect is a bias against faint, intrinsically weak nuclei. As an illustration of the level of incompleteness, we note that 19 out of the 21 Seyfert 1s from the Palomar sample formally fall within the selection boundaries of the CfA survey, but only nine (43%) were recognized as Seyfert 1s by Huchra & Burg; all nine objects have very prominent broad emission lines. Thus, the samples of Seyfert 1 nuclei from the Palomar and CfA surveys complement one another, although the combined sample in itself cannot be regarded as complete. Fortunately, this limitation does not affect the major results of this study, but we caution against other applications of the data where sample completeness matters (e.g., derivation of luminosity functions). Our final sample, summarized in Table 1 , consists of 45 objects: 21 from the Palomar survey, 33 from the CfA survey, and nine common to both.
THE DATA

Palomar and CfA Seyfert 1 Nuclei
The radio data come primarily from two sources. Kukula et al. (1995) imaged the CfA sample at 3.6 cm (8.4 GHz) using the Very Large Array (VLA) in its A and C configurations; the resulting angular resolutions are ∼0.
′′ 25 and ∼2. ′′ 5, respectively. They did not observe Mrk 471 because it was inadvertently omitted from the original list of Huchra & Burg (1992) . We used the data of Ulvestad (1986) for this object. The radio properties of the full Palomar sample were recently investigated by Ho & Ulvestad (2001) . They obtained scaled-array 6 cm (4.9 GHz) and 20 cm (1.4 GHz) continuum images with the VLA at a resolution of ∼1 ′′ . Eighty-five percent of the objects were detected at 6 cm above a 3 σ threshold of ∼0.12 mJy beam −1 . The signal-to-noise ratio of the Kukula et al. maps is slightly lower than that of Ho & Ulvestad, but the two surveys are otherwise quite compatible in terms of sensitivity and resolution. Table 2 gives 6 cm monochromatic radio powers for the combined sample, derived from the observed flux densities assuming isotropic emission; the listed values pertain to the integrated emission from all components associated with the AGN. The 3.6 cm data of Kukula et al. (1995) were extrapolated 3 to the fiducial wavelength of 6 cm assuming f ν ∝ ν αr , with α r = −0.5, the median spectral index between 6 and 20 cm found by Ho & Ulvestad (2001) . We adopt the results of Ho & Ulvestad (2001) for the few objects that overlap between the two samples. Altogether, 93% (42/45) of the objects have radio detections, which range from ∼0.5 mJy to 21 Jy, with a median value of ∼6 mJy.
High-resolution (∼0. ′′ 1) optical images for the majority (37/45) of the objects are available from the Hubble Space Telescope (HST) studies of Nelson et al. (1996) , Malkan, Gorjian, & Tam (1998), and Ho et al. (2001b, in prepa- band and broad-band filters (see Table 2 ). It is difficult to obtain accurate photometry of faint nuclei at optical wavelengths because the inner brightness distributions of bulges are both bright and sharply peaked (Phillips et al. 1996; Carollo et al. 1997; Ho et al. 2001b, in preparation) . Even at HST resolution, it is often nontrivial to disentangle the nucleus from the light of the inner bulge in the presence of complex fine structures (dust lanes, nuclear spirals, star clusters) invariably present, or to properly take into account the effects of the telescope point-spread function. All the HST images, including those of Nelson et al. and Malkan et al. ( neither of whom published photometry of the nuclei), were analyzed using GALFIT, a program for galaxy image decomposition developed by Peng et al. (2001, in preparation) . In brief, GALFIT fits to the observed image a two-dimensional model for the light distribution consisting of analytic functions for the bulge ("Nuker," Sérsic, and exponential profiles; details given in Peng et al. 2001, in preparation) plus an additional point source for the nucleus, convolved with an appropriate synthetic point-spread function. Applications of this method to HST images of nearby galaxies are given in Ravindranath et al. (2001) and Ho et al. (2001b, in preparation) .
For the purposes of this study, we are interested only in obtaining luminosities for the nuclei, and we omit further discussion of the photometric properties of the galaxy bulges. The observed magnitudes are in the STMAG system, defined such that m STMAG = −2.5 log f λ − 21.1, where f λ , in units of erg s −1 cm −2Å−1 , is constant with wavelength (Holtzman et al. 1995) . To facilitate comparison within our sample, and also with quasar samples, we convert the magnitudes to the B band in the Vega system, assuming f ν ∝ ν αo , with α o = −1.0, a typical spectrum for the optical featureless continuum of Seyfert 1 nuclei (e.g., Ward et al. 1987) . The conversion factors were calculated using SYNPHOT within STSDAS in IRAF 4 . Nuclear magnitudes for the remaining eight objects were obtained from more heterogeneous sources, in the following manner. The only HST image available for NGC 4388 was taken with NICMOS in the F160W filter (1.6 µm, H band); this image was analyzed in the same manner as the optical images, as described by Ravindranath et al. (2001) . Ground-based optical spectrophotometry exists for four galaxies: Mrk 279, Mrk 334, Mrk 744, and UGC 12138. Although not ideal (the data were typically acquired with 2 ′′ -4 ′′ apertures), these observations do give a rough characteristic measurement of the central luminosity of the objects, which is certainly preferable to no correction at all for host-galaxy emission. In any case, the contamination from the host, as judged by the depth of the stellar absorption lines, appears to be quite small for Mrk 279 and Mrk 744. The optical flux densities were converted to B-band magnitudes, again using an α o = −1.0 spectrum and SYNPHOT. Finally, for three objects (Mrk 1243, UGC 524, and UGC 8621) we could only locate soft X-ray measurements from the catalog of Della Ceca et al. (1990) . We converted the observed count rates to a flux density at 2 keV assuming a power-law spectrum with an energy index of α x = −0.7, as normally seen in type 1 Seyferts (e.g., Nandra et al. 1997) . Next, we estimated the near-ultraviolet flux density using a spectral index of α ox = −1.2 between 2500Å and 2 keV, again a value typical of Seyfert 1s (Mushotzky & Wandel 1989) . And lastly, the B-band flux density was obtained by extrapolation from an α o = −1.0 spectrum.
A portion of our analysis will make use of optical emission-line luminosities. We utilize the [O III] λ5007 and Hβ (narrow plus broad components) lines, the former to represent emission arising from the narrow-line region (NLR) and the latter from the NLR and broad-line region (BLR). Both are presumed to be predominantly photoionized and hence trace reprocessed continuum emission. In order to minimize systematic errors in the line luminosities due to aperture effects, we have restricted selection of the data to a few well documented, homogeneous sources. Whenever possible we have given preference to the catalog of Whittle (1992a) , who has carefully assembled reliable line measurements, followed by the Palomar catalog of Ho et al. (1997a) . Markarian Seyferts not included in Whittle's work were usually found in the compilation of Dahari & De Robertis (1988) .
The photometric quantities of the sample are collected in Tables 1 and 2 . The absolute magnitudes have been corrected for Galactic extinction but not for internal extinction. In the case of the integrated magnitudes, we have refrained from correcting them to face-on inclination because in some cases the Hubble types and inclinations of the galaxies are poorly known. And although measurements of the narrow-line Balmer decrement are available for most of the nuclei, we have chosen not to apply reddening corrections to the nuclear optical continuum and line luminosities. The continuum light of the nucleus in general may experience a different amount of extinction compared to the emission-line gas. In any case, the correction is modest and will not affect our main conclusions. Using the data from Ho et al. (1997a) , we find that the Palomar objects have a median Balmer decrement of Hα/Hβ = 3.7. For an intrinsic ratio of Hα/Hβ = 3.1 (Halpern & Steiner 1983; Gaskell & Ferland 1984) and the Galactic extinction law of Cardelli, Clayton, & Mathis (1989) , A B ≈ 0.7 mag, which is comparable to other sources of systematic uncertainties ( § 3.3).
Palomar-Green Quasars
Our analysis will make frequent comparisons of the Seyfert sample with optically selected "type 1" AGNs of higher luminosity. For this purpose we have chosen the well studied Palomar-Green (PG) sample of quasars (Schmidt & Green 1983; Green, Schmidt, & Liebert 1986) . We limit the PG sample to the 87 objects with z < 0.5, since this subset has received the most detailed spectroscopic follow-up work. The radio and optical continuum data come from Kellermann et al. (1989) . Boroson & Green (1992) 5 supply equivalent-width measurements for Hβ and [O III]; we obtained the corresponding line luminosities by combining the equivalent widths with the optical monochromatic continuum luminosities of Kellermann et al., properly extrapolated with α o = −1.0. All distance-dependent quantities were transformed to our adopted cosmological parameters of H 0 = 75 km s −1
Mpc
−1 and q 0 = 0.5.
Error Estimates
We do not list errors explicitly for the photometric quantities because in most cases they are dominated by systematic uncertainties which are hard to quantify for each object individually. Here we briefly assess their likely magnitude and their impact on our analysis. Representative error bars appear in the figures later shown in the paper. We assume, for simplicity, that distance errors can be neglected, although this is not well justified for the nearest galaxies whose distances can be rather uncertain.
1. The formal errors of the radio flux densities are generally quite small, dominated by the ∼5% uncertainty in the absolute flux scale (see, e.g., Ho & Ulvestad 2001) . There is usually little ambiguity in assigning the proper component for the AGN. For the most part, the radio images of Kukula et al. (1995) and Ho & Ulvestad (2001) reveal relatively simple structures, usually consisting of a single, centrally dominant core, which is occasionally accompanied by linear features plausibly associated with plasma outflows. The cores are compact and generally unresolved or barely resolved at resolutions of
′′ . We explicitly assume that all of the emission from the compact core and linear features can be attributed to the AGN, with zero contribution from stellar sources. In spiral galaxies, the integrated centimeter-wave radiation from H II regions and supernova remnants can be significant, but on arcsecond scales the radio emission of objects classified as H II or starburst nuclei tends to be diffuse and usually extended along the optical disk (e.g., Condon et al. 1982; Filho, Barthel, & Ho 2000) . One cannot rule out that the radio emission might arise from a compact starburst (e.g., Condon et al. 1991 ), but we regard this possibility to be unlikely for our objects since their optical spectra, measured on comparable scales, by definition are classified as broad-lined AGNs, not starbursts. Variability poses a potentially much more serious problem; however, little is known about the radio variability properties of Seyferts. The handful of objects which have been monitored display intensity fluctuations at centimeter wavelengths ranging from ∼30% (NGC 5548; Wrobel 2000) to ∼100% (M81; Ho et al. 1999 ) over timescales of months. We choose 0.2 dex as a fiducial uncertainty for the radio powers. Since the nuclear component of the 6 cm emission can be a significant fraction of the total (Fig. 1) , this error estimate may be appropriate for both the nuclear and integrated powers.
2. Several sources of errors can potentially affect the nuclear continuum magnitudes. (1) Even with HST resolution, it is in practice very difficult to reliably measure nuclei fainter than m V ≈ 19-20 mag superposed on the intrinsically cuspy cores of bright galaxies, because the inner light profile of the bulge blends smoothly with the weak point source. The majority of the nuclei are brighter than this, however, and the simulations of Peng et al. (2001, in preparation) suggest that GALFIT can extract nuclear magnitudes to an accuracy of ±0.2-0.3 mag for galaxies similar to the ones considered here. (2) We use a single f ν ∝ ν −1 spectrum to extrapolate all the continuum measurements to the B band. If we allow the optical power-law slope to vary by as much as ∆α o = ±1, sufficient to accommodate the most extreme spectral diversity observed (Elvis et al. 1994; Ho 1999b) , the uncertainty in m B can be as much as ∼0.7 mag if the extrapolation is done from the I band. More typically the observations were conducted in V , and if ∆α o = ±0.5, the uncertainty in m B is only ∼0.1 mag. (3) As in the radio band, variability introduces an uncertainty which is hard to quantify, but monitoring studies of Seyfert nuclei find that long-term flux variations are generally < ∼ 0.5 mag (e.g., Hamuy & Maza 1987; Winkler et al. 1992 ). (4) For lack of a secure handle on the effects of dust, we do not account for dust extinction from the host galaxy or internal to the nuclear region. Notwithstanding the "type 1" classification of our objects, the featureless continuum may be subject to nonnegligible extinction. From their study of a hard X-ray selected sample of Seyfert 1s, Ward et al. (1987) argue that visual extinctions of ∼1-3 mag are not uncommon. On the other hand, the conclusions of Ward et al. cannot be readily generalized to our optically selected sample, which may be biased toward less obscured sources. Winkler (1997) obtains A V < ∼ 1 mag for the majority of a heterogeneous sample of 92 Seyfert 1s. (5) Finally, as with the radio emission, we assume that the point source entirely originates from the AGN, with minimal contribution from starlight. Although this is most likely not the case for every object, especially for the few where only ground-based spectrophotometry was available, it is probably not an unreasonable assumption given the high angular resolution of the HST images. Taking the above factors into consideration, we conservatively assign an uncertainty of 1 mag to our B-band nuclear magnitudes.
3. The uncertainties of the emission-line luminosities mainly arise from errors in flux calibration, aperture effects, variability, and extinction. The NLR extends over scales of at least tens to hundreds of parsecs, and therefore is partly resolved from the ground for nearby systems. Absolute spectrophotometry of extended objects is notoriously challenging without special effort, and aperture effects can be significant (see, e.g., discussion in Whittle 1992a). Flux errors of a factor of ∼2 are not rare. It is relatively straightforward to estimate the extinction along the line of sight to the NLR; for the Palomar sample, the median A B ≈ 0.6 mag ( § 3.1). The situation for the BLR is more complicated (MacAlpine 1985) , and no generally accepted method exists to estimate the extinction from optical spectra alone. Lastly, the broad-line emission in Seyferts varies in response to changes in the continuum level. We adopt a characteristic uncertainty of ±0.3 dex for the [O III] and Hβ luminosities. Figure 1 shows the distribution of monochromatic 6 cm radio powers. The top panel plots the integrated emission from the whole galaxy (host plus nucleus), which we approximate with low-resolution (beam > ∼ 1 ′ ) measurements; the bottom panel isolates the nuclear contribution properly assigned to the AGN component. The two distributions are not dramatically different statistically. The AGN component on average accounts for ∼75% of the integrated emission. However, the differences for any individual object can be very significant because the radio nuclear fraction varies from 0.01 to 1. The nuclear 6 cm radio powers range from ∼10 18 to 10 25 W Hz −1 , with a median value of P 6cm = 1.6×10 21 W Hz −1 , after accounting for the small number of upper limits (Feigelson & Nelson 1985) . This distribution is quite similar to that of Ho & Ulvestad (2001) , who recently studied the entire sample of Seyferts (types 1 and 2) from the Palomar survey. The level of emission seen here is also comparable to that of radio cores detected in a large fraction of nearby elliptical and S0 galaxies (Sadler, Jenkins, & Kotanyi 1989; Wrobel & Heeschen 1991; Ho 1999a) .
RESULTS
Radio and Optical Luminosities
The contrast between the nuclear and integrated light is much more dramatic at optical wavelengths (Fig. 2) . The median integrated absolute magnitude is M BT = −20.8, comparable to the valued obtained for all the Seyferts in the Palomar survey (Ho et al. 1997b ). The distribution of M BT is rather narrow; the interquartile range is only 1.3 mag. This reflects the fact that Seyfert nuclei inhabit a preferred, relatively restricted range of Hubble types. In stark contrast, the nuclear magnitudes, properly decomposed from the bulge, span from M nuc B ≈ −9 to −22 mag, with no discernible peak in the distribution. In the most extreme cases, the nucleus accounts for merely 0.01% of the integrated light. The weakest Seyfert 1 nuclei, which may be regarded as "mini-quasars," are a factor of ∼ 10 8 (20 magnitudes) less powerful than the most luminous quasars known -a truly astonishing range for a single astrophysical phenomenon. 
Radio-Loudness Parameter
Our reevaluation of the radio-loudness parameter for Seyferts appears in Figure 3 . Not surprisingly, when R is computed using the integrated optical and radio emission of the entire galaxy (Fig. 3a) , the vast majority of the objects lie to the left of the boundary demarcating the radio-quiet/radio-loud regimes. For a dividing line of R = 10, the radio-loud fraction is 4%; the median value is R ≈ 0.2. This is the result normally cited for Seyferts -most or all Seyferts are radio quiet. The values of R calculated using high-resolution measurements of the nuclei are shown in Figure 3b . Now the median value of R ≈ 17 (treating the seven lower limits as detections), and the fraction of the sample which technically qualifies as radioloud sources changes to > ∼ 60%. The majority (75%) of the objects lie between R = 1 and 100. This is the main result of this paper.
For comparison, we assembled equivalent data from the Palomar-Green (PG) quasar survey (Schmidt & Green 1983) , as compiled by Kellermann et al. (1989) . For consistency with our conventions, we recalculated the luminosities of the PG sources using α r = −0.5, α o = −1.0, H 0 = 75 km s −1 Mpc −1 , and q 0 = 0.5. With these parameters, 23% (20/87) of the PG objects have M B > −22 mag and so can be deemed to be Seyfert 1 sources according to the definition of Schmidt & Green. As noted by Kellermann et al. (1989) , the distribution of R shows no marked difference between the PG Seyferts (Fig. 3c ) and the bona fide quasars (Fig. 3d) . The PG sample, as do other optically selected quasar samples (e.g., Visnovsky et al. 1992; Hooper et al. 1995; Goldschmidt et al. 1999 ) exhibits a deficit of objects in the region 1 < ∼ R < ∼ 100, which leads to an apparent bimodal distribution of R. The local Seyfert nuclei, interestingly, occupy precisely the "gap" created by the PG sources.
Nearby type 1 AGNs, with characteristically lower optical luminosities, populate a unique region of parameter space compared to more distant, more luminous sources: no object fainter than M B ≈ −20 mag has R < 1 (Fig. 4) . The absence of points on the lower left portion of the diagram cannot be the result of selection effects because of the high detection rate in the radio (93%). Instead, it reflects the fact the strength of the radio and optical emission are broadly correlated over a very wide range of luminosities, as shown below.
Relation between Radio and Optical Luminosities
While the distribution of R values for Seyfert nuclei is neither bimodal, as is the case for the PG objects, nor sharply peaked, for the majority of the objects it does span a relatively restrictive range (factor ∼100) over approximately four orders of magnitude in optical luminosity. This suggests that a correlation should exist between the radio and optical continuum luminosities. As shown in Figure 5a , a loose relation indeed is present between these two quantities. Interestingly, radio-loud and radio-quiet Seyferts lie on two slightly offset sequences, the extrapolations of which merge with similar sequences for the PG quasars. The radio-loud branch is steeper than the radioquiet branch. Repeating the analysis by substituting the B-band continuum magnitudes with the [O III] (Fig. 5b) and Hβ (Fig. 5c ) luminosities yields qualitatively very similar results.
Luminosity-luminosity correlations of the type shown in Figure 5 can be potentially misleading, since each of the variables itself correlates strongly with distance. A common practice is to reconsider the correlations in flux-flux space. As discussed by Feigelson & Berg (1983) , however, such a procedure can lead to ambiguous results. Unless the two luminosities are linearly correlated, and unless upper limits are few or absent, the flux-flux plane may exhibit little or no correlation even if an intrinsically strong correlation is present in the luminosity-luminosity plane. The solution to safeguard against spurious distance effects is to perform a partial correlation analysis, taking distance as the third variable. In the case of censored data sets, Akritas & Siebert (1996) proposed the partial Kendall's τ correlation test. Applying this test to our data, we verified that the statistical significance of the radio-optical correlations is high (>99.9%; see Table 3 ). The correlations hold for Seyferts and quasars combined, for Seyferts alone, or for just radio-quiet quasars alone. The radio-loud quasars by themselves are not significantly correlated, probably because of the small number of objects.
To quantify the radio-optical relations, we calculated the linear regression coefficients using the method of Schmitt (1985) , which treats censoring in both variables. The results are reported in Table 3 . In Figure 5 , we plot the regression lines separately for radio-loud and radio-quiet objects. Representing L radio ∝ L a optical , a ≈ 1.1-1.3 for radio-loud sources, and a ≈ 0.50-0.70 or radio-quiet sources.
Optical Continuum and Emission-Line Luminosity Correlation
Among the lines of evidence supporting the physical continuity between quasars and "classical" Seyfert nuclei, two historically important ones are (1) that the optical luminosities of the two classes overlap smoothly (Weedman 1976) and (2) that in both classes the optical nonstellar emission correlates strongly with the Balmer emissionline luminosity (Yee 1980; Shuder 1981) . The latter observation, in particular, was instrumental in establishing photoionization as the principal mechanism for powering the optical line emission. Figure 6 revisits the relation between optical continuum and Balmer-line emission for type 1 AGNs. The PG sources follow a well defined relation between Hβ luminosity and absolute B-band magnitude, roughly over 41.5 < log L Hβ < 44.5 and −20 mag < M B < −26 mag. The scatter is small, but nonnegligible, as discussed by Miller et al. (1992) . Albeit with considerably greater scatter, the local Seyferts extend the correlation to log L Hβ ≈ 38 and M B ≈ −8.0 mag, approximately with the same slope and intercept defined by the quasars (see Table 3 ). The relation for Seyferts (L Hβ ∝ L 0.65 B ) appears marginally shallower than that for quasars (L Hβ ∝ L 0.93 B ), but we are unsure of the significance of the difference. The detection of broad emission lines, on which the type 1 Seyfert classification is based, becomes increasingly challenging for very lowluminosity objects (see Ho et al. 1997c) . Thus, it is possible that the distribution of points toward the faint end of the L Hβ − M B relation is biased toward higher values of L Hβ , hence flattening the slope. Note that stellar contamination has the opposite effect: if the true nonstellar continuum in the Seyfert sample is less than we assume, the slope of the L Hβ − L B relation would be even flatter. Radio-loud and radio-quiet objects lie on the same relation. The increased scatter for the low-luminosity sources may be largely due to the difficulty of the measurements ( § 3.3), but it could partly reflect intrinsic variations of physical conditions with luminosity. Two obvious possibilities are differences in the covering factor of the line-emitting gas and the spectral energy distribution. Recent work suggests that the broad-band spectra of low-luminosity AGNs deviate strongly from those of high-luminosity sources (Ho 1999b; Ho et al. 2000c) .
As with the radio-optical relations ( § 4.3), the L Hβ −M B correlation is statistically sound. After accounting for the mutual dependence of L Hβ and M B on distance, the probability for accepting the null hypothesis that the two variables are uncorrelated is 7×10
−4 for Seyferts and < 10 −8
for PG quasars (Table 3 ). The best-fitting linear regression line for the combined sample, calculated using Schmitt's (1985) method, is log L Hβ = (−0.34 ± 0.012)M B + (35.1 ± 0.25).
DISCUSSION
Active nuclei are commonplace in nearby galaxies, but they are nontrivial to study quantitatively. This paper demonstrates the importance of angular resolution in observations of Seyfert nuclei at radio and optical wavelengths. With its unprecedently broad luminosity coverage, our sample of objects pushes the Seyfert phenomenon to unfamiliar territories and leads us to reexamine a few longstanding issues.
The Radio-Loudness Paradigm
The physical processes underpinning the generation of radio sources remain central topics of discussion in the AGN community. Of particular interest is the origin of the apparent radio-loud/radio-quiet dichotomy. As discussed in the Introduction, Seyfert nuclei traditionally have been considered radio-quiet AGNs. This work emphasizes the difficulties that arise when trying to apply to Seyfert galaxies the conventional radio-loudness criterion. The standard measure of the relative luminosity in the radio and optical band is only meaningful when the photometric measurements pertain to the active nucleus. In the case of Seyferts, the nucleus often is dwarfed by the integrated emission from the host galaxy.
Our primary result, the distribution of nuclear R values for Seyfert 1 nuclei, challenges three pieces of popular wisdom: (1) that Seyfert galaxies are mainly radio-quiet objects; (2) that radio-loud AGNs are seldom found in disk galaxies; and (3) that the majority of AGNs are radio quiet. We find that at least 60% of our sample of Seyferts technically qualify as radio-loud objects, and as Table 1 indicates, nearly all of them are spiral or S0 galaxies. The existence of radio-loud nuclei in disk galaxies has been discussed in related contexts by Ho (1999b) and Ho et al. (2000c) . These remarks are not meant to undermine genuine differences that might exist between radio sources in Seyferts compared to those in more powerful AGNs. Most Seyferts have R ≈ 1 − 100, values that straddle the two peaks in the R distribution of optically selected quasars, and they are certainly much less extreme than the R values seen in radio selected AGNs. Another feature which distinguishes Seyferts from typical radio-loud AGNs is the virtual absence of well collimated, large-scale jets. Seyferts do often possess linear radio structures reminiscent of jetlike outflows, but they occur exclusively on sub-galactic ( < ∼ 1 kpc) scales (e.g., Ulvestad & Wilson 1989; Kukula et al. 1995; Ho & Ulvestad 2001) . The scant available measurements of jet speeds suggest sub-relativistic motions (Ulvestad et al. 1998 , although the first instance of superluminal jet motion in a Seyfert galaxy was recently reported by Brunthaler et al. (2000) .
It is worth noting that although our definition of the radio-loudness parameter is widely used in the literature, it is by no means universally accepted. Miller et al. (1990) argue that the radio power alone should be regarded as a more fundamental discriminant. Their limiting criterion, P 6cm ≈ 10 25 W Hz −1 sr −1 , would exclude all but one of the objects in our sample, the well known radio source NGC 1275 (3C 84). However, we hold the perspective that the radio emission has physical significance in relation to the other sources of energy emanating from the central engine, and we consider the R parameter, which captures the relative radiative output in the radio band, to be meaningful. 
Radio Emission and Accretion Rate
The connection between radio and optical emission has been much discussed in the context of quasars and powerful radio galaxies. The most widely reported correlations are those between radio power and optical narrow-line luminosity (e.g., Baum & Heckman 1989; Rawlings et al. 1989; Rawlings & Saunders 1991; Miller et al. 1993; McCarthy 1993; Tadhunter et al. 1998; Xu, Livio, & Baum 1999) , broad-line luminosity (Celotti, Padovani, & Ghisellini 1997; Cao & Jiang 1999 , and optical continuum luminosity (Miller et al. 1990; Stocke et al. 1992; Lonsdale, Smith, & Lonsdale 1995; Kukula et al. 1998; Serjeant et al. 1998) .
We find that radio-quiet PG quasars obey strong correlations between radio power and three separate measures of optical luminosity (M B , L [O III] , L Hβ ), independent of distance effects. This confirms qualitatively similar findings in previous investigations of the PG sample (Stocke et al. 1992; Miller et al. 1993; Lonsdale et al. 1995) . Radio-loud PG quasars do not follow these correlations, most likely because of the small sample size and its limited dynamic range in luminosity.
Seyfert nuclei form a natural extension of quasars in the radio-optical luminosity diagrams. Moreover, with our definition of the radio-loudness parameter, each of two radio classes plausibly follows its own correlation. Of the three radio-optical correlations for Seyferts, the best known is that involving the [O III] luminosity (de Bruyn & Wilson 1978; Whittle 1985 Whittle , 1992b Giuricin, Fadda, & Mezzetti 1996) . Our results improve on the previous studies in several respects. First, our P 6cm − L [O III] diagram has virtually no upper limits. Second, its scatter is considerably reduced, most likely because of the high detection rate, the homogeneity of our sample, and the fact that we have restricted ourselves only to type 1 sources. Third, we (as do Giuricin et al.) explicitly account for distance effects. And fourth, we expand on the dynamic range of the luminosities, not only toward weaker sources but also connecting with the quasar domain.
The radio power correlates with Hβ luminosity with equal, and possibly even better, significance compared to Baum & Heckman (1989) and Ho (1999a) have noted that Seyferts do exhibit a loose correlation between radio and Hα luminosity, but that their locus lies offset from that formed by powerful radio galaxies. By contrast, the "radio-loud" Seyferts in our sample are not inconsistent with a simple extrapolation of the radio-loud PG quasars (Fig. 5c) .
Published studies of the relationship between the radio and optical continuum luminosities of Seyferts give mixed, and at times conflicting, accounts. The integrated optical luminosities do correlate with radio power (Isobe, Feigelson, & Nelson 1986; Edelson 1987; Giuricin et al. 1990 ), but evidently not when distance effects are considered (Giuricin et al. 1996) . Giuricin et al. (1996) collected ground-based nuclear magnitudes for a heterogeneous sample of Seyfert 1 nuclei, and these, too, were found to be intrinsically decoupled from the radio powers. Our sample, on the contrary, shows a strong, intrinsic correlation between P 6cm and M B (Fig. 5a ). In fact, we suggest that separate P 6cm − M B relations can be defined for each of the two radio classes of Seyferts and quasars combined. The discrepant results of Giuricin et al. (1996) perhaps stem from the large fraction of upper limits in their sample (∼60% for both radio and optical luminosities), the inhomogeneous sources of published measurements they used, or residual contamination of host-galaxy emission in their ground-based optical data. That Seyferts and radio-quiet quasars share a single radio-optical continuum correlation was first proposed by Kukula et al. (1998) , who compared the Seyfert 1s from the CfA sample with a subset of 27 low-redshift PG sources. To mitigate host-galaxy contamination for the Seyferts, Kukula et al. utilized ground-based "nuclear" magnitudes from Huchra & Burg (1992) . Two caveats, however, can be raised against the analysis of Kukula et al. First, they did not consider the effect of distance on the correlation. And second, as these authors recognized, their correction for host-galaxy light yields only crude AGN magnitudes, since Huchra & Burg's photometry was based on apertures of diameters > ∼ 10 ′′ -15 ′′ . Although the empirical case for the reality of the various radio-optical correlations seems secure, the physical basis behind them is less transparent. In the case of Seyferts, the correlations between radio power and both the kinematics (Wilson & Willis 1980; Whittle 1985) and luminosity (see above) of the NLR have long implicated a strong coupling between the energetics of the relativistic plasma and the narrow-line gas (de Bruyn & Wilson 1978) . The correlations presented in Figure 5 inject a fresh perspective into the discussion. The radio power does not correlate just with the NLR ([O III]) luminosity, but at least as well with the nonstellar continuum and the BLR luminosity (included in L Hβ ). In fact, all three radio-optical correlations exhibit approximately the same form and scatter. This suggests that there may be a single underlying cause.
The simplest interpretation is that the accretion rate directly influences the fueling of relativistic radio jets, as invoked in certain models (e.g., Falcke & Biermann 1995; Xu et al. 1999 , and references therein). Among the three measures of the optical luminosity we have considered, the nonstellar continuum may be regarded as the most "fundamental." We assume, as is customary, that the featureless optical continuum represents the low-energy tail of the ionizing spectrum produced by the central accretion disk. Photoionization then powers the BLR and NLR emission, which we measure by Hβ and [O III]. Indeed, the L Hβ −M B relation ( § 4.4) supports this scenario. Thus, to the extent that M B , L [O III] , and L Hβ each traces the accretion luminosity, which scales linearly with the mass accretion rate for an optically thick, geometrically thin disk, all three optical luminosities are equivalent.
Low-Luminosity AGNs
Although the physical nature of Seyfert nuclei normally is not controversial, some of the objects in our sample have such extremely low luminosities that their status as "AGNs" may seem questionable. Indeed, the objects at the faint end of the luminosity distribution are no brighter than single supergiant stars. Apart from the presence of a BLR, as implied by the detection of broad emission lines, this study, in conjunction with that of Ho & Ulvestad (2001) , furnishes several other pieces of evidence which help to establish a physical continuity between lowluminosity Seyfert nuclei and more luminous AGNs. (1) Compact radio cores are detected nearly ubiquitously, often accompanied by linear features morphologically akin to radio jets. (2) Judging from their radio-to-optical luminosity ratios, a substantial fraction of the sources are "radio-loud," a trait normally associated with the AGN phenomenon. (3) The radio power scales with three measures of the optical power (continuum, [O III], and Hβ emission) and merges continuously with the quasar population. (4) Lastly, a strong relation exists between optical continuum luminosity and Hβ luminosity, covering nearly seven orders of magnitude in each variable. Terashima, Ho, & Ptak (2000) and Ho et al. (2001a) , using hard Xray observations, recently arrived at similar conclusions for related classes of low-luminosity nuclei. These findings support the hypothesis that AGNs with a remarkably broad range of power, ranging from quasars to classical Seyferts to ultra low-luminosity nuclei, are regulated by similar basic physical processes.
SUMMARY
We present radio and optical photometry for the nuclear regions of a well defined sample of 45 nearby Seyfert 1 galaxies to investigate the relationship between the emission in these two bands. We emphasize the importance of high angular resolution to properly isolate the AGN component from the contaminating bright background of the host galaxy. These data are supplemented with similar measurements for the subset of 87 Palomar-Green quasars with redshifts less than 0.5, allowing us to to assemble a sizable sample of type 1 AGNs which covers nearly seven orders of magnitude in radio and optical luminosity. Our principal conclusions are the following:
• The nuclear radio-to-optical luminosity ratios of Seyfert 1 nuclei largely range from R ≈ 1 to 100. At least 60% of the sources are characterized by R ≥ 10, a territory traditionally reserved for radioloud AGNs. This finding dispels the popular notion that most Seyferts, and by implication their spiral hosts, are radio-quiet objects.
• Seyfert 1 nuclei and optically selected quasars collectively display strong, intrinsic correlations between radio and optical power, the latter including nonstellar continuum, [O III], and Hβ luminosity. Separate correlations can be defined for radio-loud and radio-quiet sources.
• The physical origin underlying the radio-optical correlations may be a close link between the disk accretion rate and the generation of relativistic radio jets.
• The relation between optical continuum and Balmer-line luminosity extends from M B ≈ −26 mag to M B ≈ −8 mag.
